Aims Stroke patients with atrial fibrillation (AF) have a poorer neurological outcome than stroke patients without AF. Whether stroke patients with AF also have a higher rate of medical complications is unknown. The aim of the study was to compare the in-hospital course of acute stroke patients with and without AF. Methods and results The Austrian Stroke registry was a prospective multi-centre study involving 57 medical departments documenting the hospital course of consecutive stroke patients from June 1999 to October 2000. AF was diagnosed in 304 (31%) of 992 patients. Patients with AF were older (79 versus 75 years, p < 0.0004) than no-AF patients. There were more cases of pneumonia (23% versus 9%, p < 0.0004), pulmonary oedema (12% versus 6%, p < 0.0004) and symptomatic intracerebral haemorrhage (8% versus 2%, p < 0.0004) in AF compared to no-AF. In-hospital mortality was higher in AF (25% versus 14%, p < 0.0004), and neurological outcome was poorer (65 versus 90 Barthel index, p < 0.0004). On multivariable logistic regression analysis, however, AF was no predictor for mortality, but a Barthel index of zero (odds ratio 5.30, 95% CI 3.10-9.08, p < 0.0001), a National Institutes of Health Stroke Scale >21 or comatose (odds ratio 3.13, 95% CI 2.26-4.32, p < 0.0001), age >75 years (odds ratio 3.15, 95% CI 1.85-5.37, p < 0.0001), heart rate >100 min À1 (odds ratio 2.15, 95% CI 1.26-3.66, p = 0.0049), obstructive pulmonary disease (odds ratio 2.58, 95% CI 1.03-6.48, p = 0.0442) and creatinine >125 lmol/l (odds ratio 1.84, 95% CI 1.00-3.37, p = 0.0479). Conclusion Stroke in AF is associated with a poor prognosis, an increased rate of medical and neurological complications and a higher in-hospital mortality than in no-AF.
Introduction
Atrial fibrillation (AF) is the most common arrhythmia and a major problem causing cardiac embolism and acute stroke, especially in the elderly. Stroke patients with AF have been shown to have a poorer neurological outcome than stroke patients without AF. [1] [2] [3] [4] Whether stroke patients with AF also have a higher rate of medical complications is largely unknown. 5, 6 Thus, the aim of the present study was to compare the in-hospital course including medical complications in acute stroke patients with and without AF admitted to 57 medical departments in Austria. 7 
Subjects and methods
The Austrian Stroke registry was a prospective multi-centre study. Fifty-seven medical departments all over Austria participated in the trial documenting the in-hospital course of consecutive patients with acute stroke from June 1999 to October 2000. All consecutive patients with acute stroke or prolonged reversible ischaemic neurological deficit were evaluated for documentation. Excluded were patients with transient ischaemic attacks, cerebral tumour, sub-or epidural haemorrhage or other conditions imitating ischaemic stroke. Additionally, patients were excluded if they were transferred to other departments within 3 days after admission or if the onset of stroke was more than 3 days before admission.
Documentation by specific detailed data forms was assessed on admission, during hospitalisation and at discharge by physicians. Among others, the following data were recorded: 1. Baseline characteristics: Age, sex, weight, height, blood pressure, heart rate, blood glucose level, haemoglobin, cholesterol, creatinine, fibrinogen, electrocardiogram, oral anticoagulation (OAC) before stroke. AF was diagnosed by the treating physicians from the admission electrocardiogram. 2. Vascular risk factors and co-morbid conditions: Coronary artery disease, other heart disease (dilated or hypertrophic cardiomyopathy, valvular heart disease, congenital heart disease), previous stroke, hypertension, diabetes mellitus, chronic obstructive pulmonary disease, smoking, alcohol abuse, malignancy, dementia. 3. Neurological findings: Type and localisation of the stroke, Barthel index (BI), 8 Rankin Scale (RS) 9 and National Institutes of Health Stroke Scale (NIHSS) 10 on admission and at discharge. 4 Stepwise multivariable logistic regression modelling was used to assess the prognostic significance of predictor variables for mortality. In the course of exploratory analysis, the continuous variables such as age, laboratory variables and scores were plotted against the outcome, using the DWLS smoothing method which depends upon least squares. As expected, there was no linear association with outcome so a transformation was warranted. For virtually all variables a clear threshold could be identified which indicated an increased mortality. For age, this was >75 years, for mean arterial blood pressure <80 mm Hg, for heart rate >100 min
À1
, for blood glucose >7 mmol/l, for haemoglobin <7.1 mmol/l, for serum cholesterol <4 mmol/l, for serum creatinine >125 lmol/l and for fibrinogen >11 lmol/l. The BI showed an increased risk for the value zero at admission versus all higher values. For the RS a value of 5 at admission had a higher risk than all lower values. The distribution of the NIHSS suggested three categories: patients with values above 21 had a moderate risk while those who were comatose had the highest risk. The coding for binary variables followed the ''partial method'' using ''0'' for the absence and ''1'' for the presence of the condition in question. In analogy to that, the binary variables derived from the continuous data were coded with ''0'' for the absence and ''1'' for the presence of the criteria shown above. The NIHSS was coded with ''0'' for values up to 21, with ''1'' for values above 21 and with ''2'' for the comatose patients. Sex was coded with ''1'' for male and ''2'' for female gender. In order to check for ''influential observations'' the variable centre was forced into the model and declared as a categorical variable with ''dummy'' coding. The following independent variables were retained for the analysis: centre, sex, age groups, intracerebral bleeding, localisation: brainstem, BI, RS, NIHSS, previous stroke, coronary artery disease, hypertension, diabetes, AF, obstructive pulmonary disease, malignancy, mean arterial pressure, heart rate, glucose, haemoglobin and creatinine. A forward stepwise selection of the variables was chosen for the multivariable logistic regression. The probability for entry of a variable was set at 0.05 and for the removal of a variable at 0.10.
Results
The Austrian Stroke registry recruited 1100 patients with acute stroke in 57 hospitals. We excluded patients who were transferred to other departments within 3 days after admission (n = 55) or in whom the onset of stroke was more than 3 days before admission (n = 39), or where data forms were incomplete (n = 14). Therefore 992 patients remained for evaluation. The electrocardiogram, recorded at admission, showed AF in 304 patients (31%) and no AF in 688 patients (69%). Among the 992 included patients, 33% were admitted to hospital departments which included <6 patients, 39% were admitted to hospital departments which included 6-20 patients and 28% were admitted to departments which included >20 patients. The median length of hospitalisation was 14 days and did not differ between patients with and without AF.
Baseline characteristics, vascular risk factors and comorbid conditions are listed in Table 1 . The frequency of AF in the study population increased with age in female as well as in male patients (Fig. 1) . Patients with AF were older and had a slightly lower body mass index than patients without AF. Previous stroke, coronary or other heart disease were more prevalent in patients with than without AF whereas the frequency of arterial hypertension, diabetes, current smoking and further co-morbidities did not differ. The number of vascular risk factors and co-morbid conditions did not differ between patients with and without AF, although patients with AF had more often 3 or more risk factors (Fig. 2) .
Neurological status: Patients with AF had more ischaemic strokes than patients without AF (Table 2) . Intracerebral haemorrhage was slightly more frequent in patients without AF than with AF. Subarachnoid haemorrhage was found in only 1% of each group. There were no differences between patients with and without AF regarding the localisation -hemispheric, cerebellum or brain stem -of the stroke. Stroke severity, determined by BI, RS and NIHSS, was higher in patients with than without AF.
Treatment during hospitalisation: An overview of the treatment is given in Table 3 . Only slight differences in the therapy between stroke patients with and without AF were found.
Neurological and medical complications: Although only slight differences were found in the incidence of neurological complications (Table 4) , the odds ratio for any neurological complication (brain oedema, hydrocephalus, recurrent stroke, symptomatic intracerebral haemorrhage, seizures) was 1.41 for patients with AF (95% CI 1.05-1.76, p = 0.013). Among the medical complications, pneumonia and pulmonary oedema occurred more often in AF patients than in patients without AF. Forty-two per cent of AF patients had at least one medical complication and the odds ratio for any medical complication (infection, thrombosis, pulmonary oedema and extracerebral bleeding) was 1.61 for patients with AF (95% CI 1.35-1.86, p < 0.0004).
Oral anticoagulation at admission: Patients with AF who were admitted with OAC did not differ from AF patients without OAC regarding complications. The incidence of symptomatic intracranial haemorrhage did not differ between patients with or without prior OAC.
Outcome: At discharge, median BI in the AF group was 60 versus 85 in the group without AF (p < 0.0004). The median RS at discharge was 4 in patients with AF and 2 in patients without AF (p < 0.0004). Less patients with than without AF were discharged to their own homes (44% versus 60%, p < 0.0004).
Mortality did not differ among the hospital departments regarding the number of included patients. Mortality rates were higher in patients with AF than in patients without AF (25% versus 14%, odds ratio 2.14, 95% CI 1.53-3.01, p < 0.0004), whereas the causes of death did not differ. As shown in Table 5 , the presence of AF increased mortality in addition to other clinical characteristics.
For multivariable analysis, a total of 88 patients with missing values of any of the variables chosen had to be excluded, leaving 904 patients. Mortality was 17% in this population, showing no change from the original group of 992 patients. Multivariable logistic regression analysis identified the following characteristics as significant predictors for mortality: BI of zero on admission (odds ratio 5.30, 95% CI 3.10-9.08, p < 0.0001), NIHSS >21 or comatose on admission (odds ratio 3.13, 95% CI 2.26-4.32, p < 0.0001), age >75 years (odds ratio 3.15, 95% CI Number of vascular risk factors and co-morbidities (coronary artery disease, other heart disease, hypertension, diabetes, alcoholism, chronic obstructive pulmonary disease, malignoma) and distribution of acute stroke patients with (n = 304) and without (n = 688) atrial fibrillation (AF). 1.85-5.37, p < 0.0001), heart rate >100 min À1 (odds ratio 2.15, 95% CI 1.26-3.66, p = 0.0049), obstructive pulmonary disease (odds ratio 2.58, 95% CI 1.03-6.48, p = 0.0442) and creatinine >125 lmol/l (odds ratio 1.84, 95% CI 1.00-3.37, p = 0.0479).
Discussion
This study in stroke patients admitted to medical departments in Austria shows that the frequency of AF was 31%. Stroke patients with AF were older than patients without AF. Stroke patients with AF had more cerebrovascular risk factors and more severe strokes, and their neurological outcome was worse than in patients without AF. During hospital stay AF patients developed more medical complications like pneumonia and heart failure. In-hospital mortality of stroke patients with AF was higher than of patients without AF. The presence of AF increased mortality in addition to other clinical characteristics. Multivariable analysis, however, failed to disclose AF as an independent predictor for mortality.
Many findings of the present study are in accordance with the results of the International Stroke Trial (IST) a large, randomised, controlled trial of heparin, aspirin, both or neither in patients with acute stroke. 11 In the IST trial a total of 3169 patients (17%) had AF. 12 IST-AF patients were more likely to be female (56% versus 45%) to be old (78 versus 71 years) and to have a higher rate of death within 14 days (17% versus 8%) than IST patients without AF.
Contrary to the IST study, the present study also assessed the incidence of medical complications. The high incidence of medical complications in patients with AF can be explained in part by the stroke severity. An association between greater neurological deficit and occurrence of medical complications in stroke patients has been previously reported. 5 Greater neurological deficit may account for medical complications due to impaired consciousness, immobilisation and incontinence, contributing to the development of pneumonia by aspiration, and urinary tract infections by the necessity of indwelling urinary catheters. Additionally, AF patients have a higher rate of cardiovascular co-morbidities like coronary artery disease or other heart diseases, which may render patients prone to pulmonary oedema. The occurrence of heart failure has been shown to have a particularly adverse outcome on stroke mortality. 6 Although in the present study the frequency of heart failure was not assessed, we could show that the incidence of pulmonary oedema was more frequent in AF than in no-AF patients, and was an indicator for a poor outcome. Although medical complications are not always life-threatening, they can be serious and often lead to longer hospital stays, transfer to intensive care units, increase the necessity for medical treatment or at least impede neurological rehabilitation.
In general, increased age has been shown to be an independent risk factor that influences mortality after acute stroke. 13 A higher age of stroke patients with AF has been postulated as a major contributing factor for the poor prognosis.
14 Another study, however, found that stroke associated with AF was more severe than in non-AF patients and that this increased severity was independent of advanced age and other stroke risk factors. 4 In our study AF patients had a higher mortality than non-AF patients, but the multivariable logistic regression analysis did not confirm our initial assumption that AF was a relevant factor in the prognosis of stroke. Instead, neurological parameters such as the NIHSS and the BI and age >75 years turned out to be a risk factor. The other three predictors in the model -tachycardia, obstructive pulmonary disease and elevated creatinine -show that apart from neurological conditions, cardiovascular, pulmonary and renal co-morbidity plays an important prognostic role.
We found an AF frequency of 31% in our patients compared to 15-21% described by other authors. 3, 4, 14 The Framingham study reported a frequency of 14.5% in AF patients with acute stroke or transient ischaemic attack aged 50-89 years, whereas in stroke patients P 75 years the frequency of AF was 25%. 1 Thus, discrepancies in the frequency of AF in stroke patients are most probably explained by age differences in the studied populations. In agreement with other studies, stroke patients with AF were older than stroke patients without AF.
2, 3 The frequency of AF according to age groups, however, was very similar in our study to the Copenhagen Stroke Study. 14 The higher proportion of female gender among the AF patients has also been found by other studies and might be a consequence of increased age of the patients. 2, 3, 12 More cases of symptomatic intracerebral haemorrhages in AF patients than in patients without AF were observed. This may be due to the localisation and severity of stroke in AF patients or to inadequately high dosages of heparin. 11, 12 Previous OAC seemed not to have influenced the rate of intracerebral haemorrhage since it did not differ between AF patients with and without OAC on admission (4% with, 8% without). These findings, however, have to be considered with caution since our sample is too small to provide evidence.
The attributable risk of stroke from AF increases significantly with age. In the age group 50-59 years, the risk is 1.5%, between 60 and 69 years 2.8%, between 70 and 79 years 9.9% and between 80 and 89 years 23.5%. 15 Because of the high risk of stroke, OAC is generally recommended as primary prophylaxis in AF patients >75 years. Concerning the age group between 65 and 75 years, the stroke risk classification schemes and recommendations about OAC differ; it is therefore the decision of the treating physician whether to recommend OAC to patients with AF at the one or the other age limit. [16] [17] [18] [19] The bad prognosis of AF patients with stroke which was found in our study, should alert clinicians to also consider OAC in AF patients <75 years. This is further stressed by the better outcome of patients with AF suffering a stroke despite adequate OAC as was shown recently. 20 For secondary stroke prevention in AF patients with a recent transient ischaemic attack or minor ischaemic stroke, OAC has been shown to reduce the risk of recurrent stroke from 12% to 4% per year. 21 However, such a figure can only be achieved if the patients are carefully selected and if the conditions for OAC are optimised in order to minimise the risk of bleeding complications. Unfortunately, no study addresses this issue, after which time OAC should be started in AF patients after an embolic stroke. Additionally, studies about secondary stroke prevention in AF only included patients after transient ischaemic attacks or minor strokes, thus for patients with major and disabling strokes in AF no data concerning the benefit of OAC are available at present. In the present study 33% of patients with AF received OAC at discharge, 85% with AF received at least antiplatelet or OAC therapy. This is in accordance with data showing that OAC is prescribed to 15% to 44% of the patients with AF with stroke or transient ischaemic attacks. 2, [22] [23] [24] In the present study, unfortunately, reasons for not prescribing OAC in AF patients were not evaluated, thus it can only be speculated that the high co-morbidity and the poor neurological status might have precluded OAC.
Limitations of the study are the lack of a differentiation whether the patients suffered from paroxysmal or permanent AF. Inter-observer reliability studies regarding measurement of BI, RS and NIHSS have not been performed. The heparin dosage was not recorded. No follow-up investigations were performed. Furthermore, the exact location and side of the strokes was not documented.
From our findings we conclude that stroke in AF patients is associated with a poor prognosis, an increased rate of medical and neurological complications and a higher in-hospital mortality than in patients without AF. These findings stress the importance of primary and secondary prophylaxis of stroke or embolism as soon as AF is diagnosed.
